ABSTRACT-Oncorhynchus masou virus (OMV) was isolated from naturally diseased rainbow trout Oncorhynchus mykiss cultured in Nagano Prefecture.
Oncorhynchus masou virus (OMV, one member of SaIHV-2) has been isolated from salmonid fishes cul tured and wild in northern Japan since 1972 (Sano, 1976; Kimura et al., 1981a . The OMV has pathogenicity and oncogenicity (basal cell carcinoma) in fry of salmonid fishes such as kokanee salmon (Oncorhynchus nerka) and masu salmon (O. masou) (Sano, 1976; Kimura et al., 1983; Yoshimizu et al., 1987) . The OMV has caused mass mortalities in maricultured coho salmon (O. kisutch) since 1988 in the Tohoku district (Horiuchi et al., 1989) and cultured rain bow trout (O. mykiss) in Hokkaido since 1992 (Suzuki et al., 1993) . The OMV disease (OMVD) occurred in mar ketable sized rainbow trout causing mass mortality in Nagano Prefecture in 1999 when the OMVD had mostly ceased in northern Japan (Furihata et al., 2003) . In the previous studies, histopathological features of salmonids infected with OMV were partially reported while the histo pathological features of rainbow trout have not been revealed. In the present study, we examined the patho genicity of the OMV isolated from rainbow trout by experimental infection, and histopathological and elec tron microscopic features of diseased fish in the natural outbreak and experimental infection.
Materials and Methods
Remaining tissue of the kidney was used for the detec tion of the OMV. In the experimental infection, moribund fish were first observed in the two challenge groups 13 days post injection and cumulative mortalities reached 50% and 70% at the end of experiment (36 days) while no fish died in the control group (Fig. 1) . The external and internal signs of moribund or dead fish were mostly simi lar to those of naturally diseased fish. Different from the natural outbreak, only one fish formed a skin ulcer. The OMV was reisolated from examined mori bund or dead fish.
Histopathological and electron microscopic features
Histopathological features of affected fish were mostly the same between natural outbreak and experi mental infection. All of fish examined had the most severe changes in the spleen.
In the natural outbreak, the spleen possessed many necrotic foci with hemor rhage involving the splenic pulps and sheathed arteries ( Fig. 2A) . For all of the experimentally infected fish, the spleen was diffusely necrotized with hemorrhage ( Fig.  2B ). In these necrotic lesions, splenocytes and ellipsoi dal cells were necrotized showing nuclear degenerations such as swollen nucleus, marginal hyperchromatosis, karyorrhexis and karyopyknosis, and resulted fragmen tation of cells. In both natural outbreak and experimen tal infection, the kidney displayed necrotic foci with hemorrhage in the hematopoietic tissue (Fig. 2C) . In large necrotic lesions, the epithelial cells of many renal tubules were involved and were also necrotized. In the liver, the level of the formation of necrotic lesions varied in fish. In the most of fish showing severe affection in the spleen and hematopoietic tissue, many necrotic foci were observed mainly around small veins in the hepatic parenchyma ( Fig. 2D ). In the necrotic foci, hepatic cell cords were destroyed and involved hepatocytes were markedly necrotized showing nuclear degenerations and cellular fragmentation without infiltration of any inflam matory cells (Fig. 2E) . In unaffected areas, most of the hepatocytes were atrophied. On the other hand, some fish did not show definite necrotized hepatocytes although the spleen and hematopoietic tissues were markedly affected. In these livers, there were a lot of cells showing mitotic figures and enlarged cells with an enlarged nucleus and a basophilic cytoplasm. These cells appeared within cell-cords and beside bile tubules, some of which formed cellular masses. These cells resembled macrophages but not regenerating hepatocytes.
In the liver of survived fish, many small cells with a small basophilic nucleus, made the multifocal nodules penetrating into hepatic cell-cords (Fig. 3A) . In the heart, small necrotic foci with hemorrhage occurred in the ventricle (Fig. 3B) , in which cardiac muscle cells showed coagulation necrosis with karyopknosis, or swelling with vacuolization.
The intestine extensively showed marked hemorrhagic lesions with tissue necro sis of the tunica propria and the submucosa (Fig. 3C) 
Discussion
External and internal pathological signs of rainbow trout with the OMVD were similar to other salmonid fishes shown by previous studies (Tanaka et al., 1984; Horiuchi et al., 1989; Kumagai et al., 1994) . The present study revealed severe necrosis of the intestine, which was the most marked necrotic changes and were observed in natural outbreak as well as in experimental infection by the intraperitoneal injection. This appeared to indicate that the OMV infected cells of intestinal tis sues and then were disseminated to the visceral organs as the liver, spleen, hematopoietic tissue, heart and other tissues, resulting in occurrence of necrotic lesions. Electron microscopic examination revealed that cellular necrosis associated with the OMV propagation. Based on the results of electron microscopy, the definite target cells were splenocytes and ellipsoidal cells in the spleen, hematopoietic cells, hepatocytes and cardiac muscle cells, which was supported with the high OMV titer as 104.9-8.4 TCID50/g detected in the spleen, liver and kidney examined (Furihata et al., 2003) . As to the principal tar get cell, Tanaka et al., (1984) proposed it was changed from hematopoietic cells to hepatocytes according to the growth of masu salmon. In the case of rainbow trout, hepatocytes were infected in not all of moribund fish. In contrast, cellular necrosis was very severe in the spleen, which was observed in all of diseased fish as well as intestinal necrosis.
For this reason, hepatocytes are not the principal target cell in rainbow trout. The princi pal target cells will be examined in our further study, for instance, by oral inoculation with the OMV isolate.
In masu, chum and coho salmon, some of survivors of experimental or natural infection with OMV developed carcinoma around the mouth, fins, opercula, gill fila ments, body surface and eyes (Kimura et al., 1981b; Sano et al., 1983; Yoshimizu et al., 1987; Horiuchi et al., 1989; Kumagai et al., 1995) . We have been observing cultured rainbow trout groups in which the OMVD occurred resulting in cumulative mortality of 34 to 77% at a hatchery in Nagano Prefecture since 2000. We found no fish with the tumor formation in a pond population during 530 days until the spawning season whereas tumors in rainbow trout appeared after 240 days post injection of the OMV isolated from masu salmon (Yoshimizu et al., 1987) . This suggests the possibility that the OMV isolated from rainbow trout show no oncogenicity.
Further study on oncogenicity of the OMV is needed.
